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Obijective: Identify key magnetic resonance imaging (MRI) features that have a significant correlation with osteomyelitis of
pressure ulcers in spinal injury patients. Design: Refrospective review study. Participants: Adult patients admitted to the
National Spinal Injuries Centre with spinal cord injury (SCI) and signs of pressure ulceration investigated with MRI. Methods:
Andlysis of MRI examinations and clinical records collected over a 4-year period. Images were independently assessed by 2
experienced radiologists for osteomyelitis based on assigned predictive indicators including cortical bone erosion, soft tissue
edema, deep collections, heterotopic new bone, hip effusion, and abnormal signal change of the marrow. Results: Thirty-seven
patients underwent 41 MRI scans. The prevalence of osteomyelitis was highly correlated with cortical bone erosion (r = 0.84)
and abnormal bone marrow changes on T1-weighted images (r = 0.82). Key words: osteomyelitis, pressure ulcers, spinal

cord injury

atients with spinal cord injuries (SCI) are

at a high risk of developing pressure sores

due to decreased mobility and lack of sen-
sation, with a reported prevalence between 23%
and 33%,"? the lifetime risk estimated between
25% and 85%,’ and an associated mortality of 7%
to 8%."° Complex pressure sores are associated
with adjacent complications including low grade
soft-tissue infection, fistula or abscess formation,
sinuses, septic arthritis, heterotopic ossification,
and osteomyelitis. These complications, especially
osteomyelitis, can be difficult to assess by physical
examination alone; this results in delayed diag-
nosis and onset of treatment that leads to pro-
longed hospitalization and in complicated cases
requires surgical intervention and deforming bone
debridement.

The gold standard for the definite diagnosis of
osteomyelitis is histology of bone biopsy and the
identification of the causative microorganism by
tissue culture. Histological examination requires
invasive sampling, and microbiological tissue cul-
ture can sometimes become cross-contaminated
with pathogens present in the skin and soft tissue
of pressure ulcers and draining wounds.”

Current imaging modalities employed in iden-
tifying the presence of osteomyelitis in pressure
ulcers includes bone scans, ultrasound, plain
films, computed tomography (CT), bone biopsy,
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and MRI. Bone scan reliably excludes bony infec-
tion,* " but it is not specific for the diagnosis of
osteomyelitis that is affected by adjacent soft-tis-
sue infection, the presence of orthopaedic devices,
trauma, healing fractures, arthritis, surgery, or dia-
betes.'>!*!¢ Ultrasound is not helpful for visual-
izing bone changes associated with osteomyelitis,
nor can it detect associated surrounding soft-tissue
infection," but it can be useful in the detection of
fluid collection in joint or soft tissue.

CT and plain films require the use of radiation and
are limited in their ability to predominantly show
bone changes. The overall sensitivity of CT and plain
film to detect osteomyelitis is 61% and the specificity
is up to 69%."

MRI has been recognized for its exceptional soft-
tissue bone marrow contrast resolution and mul-
tiplanar capability, which offers greater anatomical
detail than CT or conventional plain films."” The
sensitivity of MRI for the diagnosis of osteomy-
elitis has been reported between 82% and 100%,
and specificity between 75% and 96%.*° Huang et
al reported in 44 patients that for the diagnosis of
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Figure 1. Axial STIR image of both ischia. Acute cortical erosion (arrow on far right) and bone marrow edema

(white arrow). Normal bone cortex (arrow head).

Figure 2. Hip axial STIR image. Early evidence of osteomyelitis with bone marrow edema (x) and adjacent
deep collection (arrow head). There is a small hip effusion (white arrow)

osteomyelitis, MRI with gadolinium enhancement
has an overall accuracy of 97% when correlated
with histological findings and microbiological
cultures from bone biopsies'®; this renders it very
useful in helping with decisions in management of
pressure sores, especially in preempting early sur-
gical intervention.

As MRI has become increasingly important in
the diagnosis and management of pressure ulcers
and osteomyelitis, reliability and agreement in the
identification of key predictive indicators amongst
radiologists are crucial.

In this retrospective study covering 4 years,
the MRI scans and clinical records of adult spi-
nal patients admitted for pressure ulcers to the
National Spinal Injury Centre, Stoke Mandeville
Hospital, were compared. The correlation of osteo-
myelitis with several MRI predictive indicators was
assessed independently by 2 experienced radiolo-
gists. The assigned predictive indicators included
cortical bone erosion, soft-tissue edema, deep
collections, heterotopic new bone, hip effusion,
and abnormal signal changes of the marrow on
T1-weighted and STIR images.



148 Torics IN SPINAL CORD INJURY REHABILITATION/SPRING 2012

Thirty-seven SCI patients with an indica-
tion of pressure ulcer underwent 41 MRI scans.
Acute cortical erosion and deep collections were
seen in approximately a third of patients (38%
and 31%, respectively). Soft-tissue edema was
the most prevalent feature (86%). Heterotopic
new bone and hip effusion were seen in 16% and
28%, respectively. Abnormal marrow signal was
more prevalent on the STIR sequences (75%)
compared to the T1-weighted images (53%).
There was a significant association between the
prevalence of osteomyelitis and cortical bone
erosion (Pearson’s r = 0.84) with a sensitivity and
specificity of 90% (Figure 1). There was further
significant association between osteomyelitis and
abnormal marrow edema, best demonstrated on
T1-weighted images (r = 0.82), with a sensitivity
of 81% (Figure 2) compared to 51% on the

STIR images. Deep collections, heterotopic new
bone formation, and hip effusion were not of
significant predictive value in assessing the risk of
osteomyelitis.

In conclusion, acute cortical bone erosion and
abnormal marrow edema, in particular on the
T1-weighted images, have a strong correlation
with osteomyelitis in spinal patients with pressure
ulcers. The use of MRI in evaluating SCI patients
with indication of pressure ulcers and suspected
pelvic osteomyelitis can diminish delays in diag-
nosis, accelerate treatment, and eliminate unneces-
sary studies and interventions.

Acknowledgments

This research was supported by the Thames Val-
ley Comprehensive Local Research Network.

REFERENCES

1. Raghavan P, Raza WA, Ahmed YS, Chamberlain MA.
Prevalence of pressure sores in a community sample of
spinal injury patients. Clin Rehabil. 2003;17(8):879-
884.

2. Fuhrer MJ, Garber SL, Rintala DH, Clearman R, Hart
KA. Pressure ulcers in community-resident persons with
spinal cord injury: prevalence and risk factors. Arch
Phys Med Rehabil. 1993;74(11):1172-1177.

3. Klitzman B, Kalinowski C, Glasofer SL, Rugani L.
Pressure ulcers and pressure relief surfaces. Clin Plast
Surg. 1998,25(3):443-450.

4. Reuler JB, Cooney TG. The pressure sore:
pathophysiology and principles of management. Ann
Intern Med. 1981,94(5):661-666.

5. Richardson RR, Meyer PR Jr. Prevalence and incidence
of pressure sores in acute spinal cord injuries.
Paraplegia. 1981;19(4):235-247.

6. Dinsdale SM. Decubitus ulcers: role of pressure
and friction in causation. Arch Phys Med Rehabil.
1974;55(4):147-152.

7. White LM, Schweitzer ME, Deely DM, Gannon F.
Study of osteomyelitis: utility of combined histologic
and microbiologic evaluation of percutaneous biopsy
samples. Radio;«gogy. 1995,197(3):840-842.

8. Howie DW, Savage JP, Wilson TG, Paterson D. The
technetium hospiate bone scan in the diagnosis
of osteomyelitis in childhood. J Bone Joint Surg Am.
1983,65(4):431-437.

9. Alazraki N, Dries D, Datz F, Lawrence P, Greenberg
E, Taylor A Jr. Value of a 24-hour image (four-phase
bone scan) in assessing osteomyelitis in patients
with peripheral vascular disease. J Nucl Med.
1985,26(7):711-717.

10. Maurer AH, Chen DC, Camargo EE, Wong DF,
Wagner HN Jr, Alderson PO. Utility of three-phase
skeletal scintigraphy in suspected osteomyelitis: concise

communication. J Nucl Med. 1981;22(11):941-949.

11. Schauwecker DS. The scintigraphic diagnosis of
osteomyelitis. Am J Roentgenol. 1992;158(1):9-18.
12. Seldin DW, Heiken JP, Feldman F, Alderson PO. Effect of
soft-tissue pathology on detection of pedal osteomyelitis

in diabetics. J Nucl Med. 1985;26(9):988-993.

13. Bower GD, Sprague P, Geijsel H, Holt K, Lovegrove FT.
Isotope bone scans in the assessment of children with
hip pain or limp. Pediatr Radiol. 1985;15(5):319-
323.

14. Keenan AM, Tindel NL, Alavi A. Diagnosis of
pedal osteomyelitis in diabetic patients usin
current scintigraphic techniques. Arch Intern Mec?
1989;149(10):2262-2266.

15. Haliloglu M, Kleiman MB, Siddiqui AR, Cohen MD.
Osteomyelitis and pyogenic infection of the sacroiliac
joint. MRI findings and review. Pediatr Radiol.
1994,24(5):333-335.

16. Huang AB, Schweitzer ME, Hume E, Batte WG.
Osteomyelitis of the pelvis/hips in paralyzed patients:
accuracy and clinical utility of MRI. J Comput Assist
Tomogr. 1998,22(3):437-443.

17. Lee SK, Suh KJ, Kim YW, et al. Septic arthritis versus
transient synovitis at MR imaging: preliminary
assessment with signal intensity alterations in bone
marrow. Radiology. 1999;211(2):459-465.

18. Larson DL, Gilstrap J, Simonelic K, Carrera GF. Is
there a simple, definitive, and cost-effective way to
diagnose osteomyelitis in the pressure ulcer patient?
Plast Reconstr Surg. 2011;127(2):670-676.

19. Sammak B, Abd El Bagi M, Al Shahed M, et dl.
Osteomyelitis: a review of currently used imaging
techniques. Eur Radiol. 1999;9(5):894-900.

20. Santiago Restrepo C, Gimenez CR, McCarthy K.
Imaging of osteomyelitis and musculoskeletal soft tissue
infections: current concepts. Rheum Dis Clin North Am.
2003,29(1):89-109.



